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RECOVERY OF PRECIOUS METALS 
FROM CARBONACEOUS REFRACTORY ORES 

FIELD OF THE INVENTION 
The present invention relates generally to processes for recovering precious 
metals from carbonaceous refractory ores and specifically to leaching processes for 
recovering precious metals from carbonaceous refractory ores. 

SUMMARY OF THE INVENTION 
The process for recovering precious metals from carbonaceous refractory 
materials, generally includes the following steps: 

(a) forming the carbonaceous refractory materials into an acid-containing feed 

slurry; 

(b) contacting the feed slurry with an oxidizing agent to oxidize the carbonaceous 
material and form an oxidized slurry; 

(c) contacting the oxidized slurry with a hypohalite at a pH less than about pH 7 
to dissolve the precious metal and form a pregnant leach slurry containing leached solids 
and a pregnant leach solution containing dissolved precious metals; 

(d) separating the leached solids from the pregnant leach solution; and 

(e) recovering the precious metals from the pregnant leach solution. 

The relatively simple and low cost process can recover precious metal, including 
gold, silver, platinum, and palladium, at relatively high rates. The process is more 
simplified and cost-effective than processes presently in use for the recovery of gold and 
other precious metals from carbonaceous ores, concentrates containing the same, or 
carbonaceous tailings. Consequently, the process can effectively treat precious metal- 
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containing materials that are too poor in recoverable metal values to be economically 
treated by conventional processes. 

The feed slurry can contain a variety of acids, such as mineral acids. More 
preferably, the acid is selected from the group consisting of sulfuric acid, hydrochloric 

5 acid, nitric acid, acetic acid, phosphoric acid, hydrofluoric acid, hydrobromic acid, oxalic 
acid, and mixtures thereof, with mineral acids such as sulfuric acid, hydrochloric acid, 
and nitric acid being most preferred. Because the process uses such acids to dissolve 
precious metal values, it can avoid or minimize the environmental pollution often 
associated with conventional hydrometallurgical processes, which utilize environmentally 

10 harmful chemical compounds such as cyanide and thiourea in precious metal recovery. 

In the contacting step (b), the carbonaceous material can be oxidized by a number 
of different oxidizing agents, such as ozone, molecular oxygen, chlorine gas, sulfuric 
acid, and alkaline hypochlorite, with ozone being most preferred. The slurry conditions 
are important to the effective oxidation of the carbonaceous material in the feed slurry. 

15 Preferably, the feed slurry in the contacting step (b) has a temperature ranging from about 
40 to about 65 C, and the pH in the contacting step (b) ranges from about pH 1 to about 
pH3. When the oxidizing agent is ozone, the ozone is preferably contacted with the feed 
slurry at a rate ranging from about 0.25 to about 0,60 g/hr. 

In the contacting or leaching step (c), the oxidized slurry is contacted with a 

20 hypohalite under acidic conditions to dissolve the precious metal. Preferably, the 
hypohalite is a hypohalite of alkali or alkaline earth metals. Surprisingly, it has been 
discovered that the hypohalite is more effective in dissolving precious metals in an acidic 
environment than in an alkaline environment. The most preferred hypohalites include 
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sodium hypochlorite, potassium hypobromite, calcium hypochlorite, potassium 
hypochlorite, calcium hypobromite, barium hypochlorite, barium hypobromite, and 
mixtures thereof. 

The effectiveness of the hypohalite and acid in dissolving the precious metal 
5 values largely depend upon the concentration of the hypohalite and the pH of the slurry. 
Preferably, the concentration of the hypohalite in the pregnant leach slurry ranges from 
about 0.04 to about 0.4% by weight and the pH of the slurry ranges from about pH 2.2 to 
about pH 6.8. 

The synergistic combination of the hypohalite and the acid provide an economical 
10 process by which gold-bearing sulfide ores that have been pretreated with such 
conventional techniques as autoclave oxidation and bio-oxidation can be subjected to 
direct application for the extraction of gold from the oxidized slurry. This would 
eliminate the expensive practice whereby gold-bearing sulfide ores pretreated in acidic 
solution by those oxidation techniques are washed and the pH adjusted to a high alkaline 
15 condition prior to applying conventional cyanidation. 

DESCRIPTION OF DRAWINGS 
The figure presents a preferred embodiment of a process according to the present 
invention. 

20 DETAILED DESCRIPTION 

The present invention relates to a process whereby improved recovery of gold is 
made from gold-bearing carbonaceous ores and other materials containing the same. 
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In accordance with the process of the invention, an acidified brine slurry of 
carbonaceous ores is treated with an effective quantity of ozone at ambient temperature 
which will convert the carbonaceous matter to an oxidized form that will enable gold and 
other metal values associated with the ore matrix to be solubilized in subsequent 
5 hydrometallurgical extraction step without interference by the carbonaceous impurities. 

In a preferred embodiment of the invention, the aqueous slurry of carbonaceous 
ores mixed with a calculated amount of halide of alkali metals or alkali earth metals, 
generally in the range of 0.2 to 2.0 weight %, is acidified with any of the mineral acids 
such as sulfuric, hydrochloric, or nitric acid to a pH range between 1.0 and 3,0, with a 
10 preferred embodiment being 1.2 and 2.5. While the acidic ore slurry is thoroughly 
agitated by mechanical means and heated to a temperature in the range between 40° and 
65 °C, UV ozone from a commercial ozone generation source is dispersed into the slurry 
by a sparging action. 

The slurry in the reaction vessel is cooled to room temperature upon completion 
15 of oxidation by the ozone treatment and the hydrometallurgical gold extraction follows. 
While agitation is still continued throughout the process, the oxidized ore slurry is mixed 
with an adequate amount of hypohalite of alkali metals or alkali earth metals such as 
sodium hypochlorite, potassium hypobromite, or calcium hypochlorite. At this time, the 
acidity of the slurry is measured and adjusted to an optimum pH range between 2.2 and 
20 6.8, with the same acid initially used for the acidification in the ozone treatment step. It 
will normally take a period of time ranging from 2 to 10 hours, mostly from 4 to 8 hours, 
for a complete extraction of the metal values from the oxidized ore body using such as 
selected leaching chemicals. The recovery of gold from the pregnant solution is made by 
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any of those conventional techniques such as carbon-in-leach (CEL), carbon-in-pulp 
(CIP), or Merrill-Crowe precipitation process using zinc or aluminum. 

Referring to the Figure, a preferred embodiment of the process of the present 
invention will now be described. Gold-bearing carbonaceous refractory ore 10 used for 
5 treatment pursuant to the present invention is crushed and pulverized 14 to produce a 
comminuted ore 18 having particle sizes to a maximum 100 mesh or particle diameter of 
less than 150 micrometers. 

The detailed description will be made for this invention with reference to the 
following two major relevant steps: (1) conversion of carbonaceous matter admixed as 
10 impurities in the ore body into an oxidized form and (2) subsequent extraction of the 
metal values from the oxidized ore. 

In slurrying step 20, the pulverized (or comminuted) ore 14 of known weight is 
initially mixed in an open vessel containing an acidified brine solution and slowly, yet 
thoroughly agitated by means of an impeller system at speeds ranging from 100 to 500 
15 rotations per minute to form an aqueous slurry 24. The density of aqueous slurry 24 
normally comprises from 20 to 50 weight percent solids. 

In the next step, the aqueous slurry 24 is oxidized 28 with ozone to form an 
oxidized slurry 32 in which the carbonaceous compounds are oxidized. To perform 
oxidation, the aqueous slurry 24 is continuously agitated at ambient temperature, while 
20 UV ozone from a commercial ozone generation source is sparged into the sluny at flow 
rates ranging from 0.25g to 0.60g per hour until completion of the oxidation reaction. 
This will take a total consumption of ozone in the range between 2.4g and 4.0g for the 
particular carbonaceous ore used in the present invention. However, the quantity of 
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ozone necessary for the complete oxidation will vary depending on the magnitude of 
carbonaceous impurities loaded in the ore matrix given the chemical reaction condition 
applied. The pH of the slurry during the ozone treatment will be maintained at about 1.0 
to 3.0. 

Upon completion of the ozone pretreatment, the oxidized slurry 32 in the 
processing vessel is cooled 36 to room temperature to form a cooled slurry 40. 

The cooled slurry 40 is leached 44 to form a pregnant leach slurry 48 including 
dissolved precious metals. In the leaching step 44, the agitation is continued for the next 
period of time ranging from 2 to 10 hours, and gold is extracted from the oxidized ore 
slurry by adding a selected hypohalite such as sodium hypochlorite as a leaching 
chemical in the concentration range of about 0.04 to 0.4%. After adding the leaching 
agent, the acidity of the cooled slurry 40 in the processing vessel is adjusted to a pH 
range between 2.2 and 6.8, and in general practice, the working pH range will be between 
2.5 and 5.5, with a preferred embodiment being between 2.8 and 3,6. In most cases, 
however, the pH adjustment at this step is unnecessary because the acidity maintained 
during the ozone pretreatment will give a desirable pH range for leaching out the metal 
values in the subsequent step. 

It has been discovered that the recoverability of gold from carbonaceous 
refractory ores can be substantially improved by the acid-ozone pretreatment followed by 
conventional cyanidation techniques that involve filtering the oxidized slurry after the 
ozone treatment, adjusting the pH with lime, and leaching the metal out of the sluny with 
sodium cyanide for 24 hours. The ozone treatment has also considerably improved the 
recovery of precious metals including gold and silver from refractory ores. In one 
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process, the ore slurry is acidified to a pH level of 3.0 or below using preferably acetic 
acid is subjected to UV ozone treatment. After the ore matrix expends due to the ozone 
exposure, the pH level of the slurry is raised to pH 11.0 or higher using lime and caustic 
soda in order to leach out the precious metals. The highly alkaline ore slurry is then 
5 heated for a sufficient period of time at a preferable temperature of 180°F, while ozone 
has been continuously sparging through the slurry throughout the process to this point. 
The precious metals are leached out of the suitably basic slurry using leach chemicals 
such as cyanide and hypochlorite. 

Contrary to these processes, in which the leach chemistry is realized in a basic 

10 solution on precious metals which have been oxidized, I have found that the acidic 
leaching process of the present invention is not only highly potent for the efficient 
recovery of gold as shown in the following examples, but it is also effective in recovering 
some members of platinum group metals such platinum and palladium. I have also found 
that there is no noticeable decrease in the leaching efficiency even at a temperature range 

15 as low as a few degrees above the freezing point by the present acidic leaching process. 

The hypohalite ions such as those from sodium hypochlorite are good oxidizing 
agents, especially in acid solution, and the halite ions have the ability to function as 
ligands and form stable complexes with such metals as gold as AuCb 7 AuBr 2 7 etc.; 

Au° 4- 20C1 " = AuCl ~ + 0 2 + e 

20 Although it can be true in some applications that the hypohalite ions tend to 

decompose somewhat rapidly under the acidic condition, the metal complexes formed in 
the oxidation-reduction reaction in acid solution appear to be stable for an extended 
period of time. For instance, in one embodiment of the present invention, sodium 
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hypochlorite was used as a leach chemical for the extraction of gold from the slurry. At 
the end of the leaching step, the clean pregnant liquid containing the chloro-auric 
complex was separated from the spent slurry by filtration, and the liquid was analyzed 
daily for gold for a period of two weeks. The results showed that the metal complex was 
5 stable for more than a week without a noticeable degree of decomposition. In basic 
solution, however, the hypohalite ions have the tendency to undergo disproportionation 
reaction, resulting in the production of halite ions as: 

3XO "» 2X ~+ X0 3 ~ where X = Cl,Br, or I 

Therefore, the hypohalite ions will considerably lose the oxidizing power as well as the 

10 ability to complex with the precious metals. 

The recovery of gold and other precious metals from the resulting pregnant liquid 
is made by performing a liquid/solid separation 52 to form a residue 56 and a pregnant 
leach solution 60 which is then subjected to precious metal recovery 64 to form a 
precious metal product 68. Precious metal recovery 64 can be performed by applying 

15 such techniques as carbon adsorption and Merrill-Crowe precipitation. It is also found 
that the metals can be recovered effectively in the acidic solution by precipitating them 
with aluminum. For instance, in one embodiment of the present invention, a series of 500 
ml Erlenmeyer flasks are filled with clean pregnant liquid which has been produced from 
the leaching process. After adding aliquots of aluminum dust, the flasks are then 

20 magnetically agitated for 4 to 24 hours. Prior to the addition of aluminum dust, the pH of 
the leachate in the flasks ranges between 3.0 and 6.0. At the end of agitation, the clean 
spent solution from each flask is sampled for a quantitative determination of soluble gold 
still remaining in solution. This quantitative analysis is made by atomic absorption 
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spectrometry equipped with an electro-thermal atomization system. The results show that 
aluminum dust is able to precipitate gold greater than 99.9% in all replicate tests. 

The following results from case studies are presented to further illustrate the 
process of the present invention. These examples are not intended by any means to be 
5 limiting the scope of this invention. 

EXAMPLE 1 

100 grams each of a hematitic oxide ore containing 0.19°7 t gold was placed in 
three replicate vessels and slurried with 300 ml of approximately 2.0% sodium chloride 
10 solution. While the processing vessels were agitated, the ore slurries were acidified with 
sulfuric acid to a pH of about 3.0 after mixing them with sodium hypochlorite. The 
agitation continued for seven hours to complete gold extraction, and the ore slurries were 
then filtered. Both the tailings and the pregnant liquid from three vessels were assayed 
for gold and the average value of gold extracted was calculated to be 94.3%. 

15 

EXAMPLE 2 

For a purpose of comparing the extractability of gold, the ore used in Example 1 
was subjected to a cyanide treatment. Three replicate vessels, each charged with 100 
grams of the oxide ore, were slurried with 300 ml of 0.1% sodium cyanide solution at a 
20 pH of about 11.5. The processing vessels were agitated for 24 hours and the slurries were 
filtered. Gold values were determined in the clean leachate as well as in the tailings. The 
data showed that an average of 90.2% total gold was extracted by cyanidation, as 
compared to 94.3% extraction by the method of this invention (see Example 1). 
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EXAMPLE 3 

A carbonaceous ore containing 0.32°7 t gold, and 3.4% by weight total carbon 
including 0.25% organic carbon was processed for the extraction of gold by the process 
of the present . invention in parallel with standard cyanide leaching technique for 
5 comparison. 

450 grams of the ore placed in a processing tank was slurried with 1.5L or the 
acidified brine solution and agitated. While the ore sluny was continuously agitated at 
ambient temperature, UV ozone was sparged into the slurry until the organic carbon 
impurities were eliminated by oxidation. The oxidized ore slurry was then mixed with 

10 leaching chemicals such as sodium hypochlorite and the pH of the slurry adjusted to 
approximately 3.0, if necessary. The agitation was further continued for the next 6 to 8 
hours in order to leach gold out of the oxidized ore. In another leaching tank, 400 grams 
of the same ore was slurried with 1.2L of the cyanide solution used in Example 2, and 
agitated for 24 hours. After completion of the leaching process in both tanks, gold was 

15 determined in each pregnant solution and tailings. The result showed that 97.4% of the 
total gold was extracted from the ozone-oxidized ore, while 48.2% extraction was 
achieved by the cyanide leaching technique. 

EXAMPLE 4 

20 The procedure of Example 3 was repeated for carbonaceous ore containing 

0.13°7 t gold and 4.98% total carbon including 0.49% by weight organic carbon 
impurities. Gold recovery was 97.7% by the process of the present invention as 
compared to only 41.6% recovery by conventional cyanide leaching. 

10 
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The results shown in the examples above illustrate that the recovery of gold from 
carbonaceous ores is substantially improved by the acid-ozone pretreatment in 
combination with the acidic hypohalite leaching according to the present invention. It is 
also clearly indicated that the acidic hypohalite leaching of the present invention for gold 
recovery from the oxidized ores is highly effective and superior to the conventional 
cyanide leaching technique, not only in terms of the potency of the metal extraction, but 
also in terms of shorter leaching time. 
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What is claimed is: 

1. A method for recovering precious metals from carbonaceous refractory 
materials, comprising: 

(a) forming the carbonaceous refractory materials into a feed slurry, the feed 
5 slurry comprising an acid; 

(b) contacting the feed slurry with an oxidizing agent to oxidize the 
carbonaceous material and form an oxidized slurry; 

(c) contacting the oxidized slurry with a hypohalite of alkali metals or alkali 
earth metals at a pH less than about pH 7 to dissolve the precious metal and form a 

10 pregnant leach slurry containing leached solids and a pregnant leach solution containing 
dissolved precious metals; 

(d) separating the leached solids from the pregnant leach solution; and 

(e) recovering the precious metals from the pregnant leach solution. 

2. The method of Claim 1, wherein the precious metal is selected from the 
15 group consisting of gold, silver, platinum, palladium, and mixtures thereof 

3. The method of Claim 1, wherein the acid is selected from the group 
consisting of sulfuric acid, hydrochloric acid, nitric acid, acetic acid, phosphoric acid, 
hydrofluoric acid, hydrobromic acid, oxalic acid, and mixtures thereof 

4. The method of Claim 1, wherein the feed slurry in the contacting step (b) has 
20 a temperature ranging from about 40 to about 65 C. 

5. The method of Claim 1, wherein the oxidizing agent is selected from the 
group consisting of ozone, molecular oxygen, chlorine gas, sulfuric acid, alkaline 
hypochlorite, and mixtures thereof. 
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6. The method of Claim 1, wherein the pH in the contacting step (b) ranges 
from about pH 1 to about pH 3. 

7. The method of Claim 1, wherein the oxidizing agent is ozone and the ozone 
is contacted with the feed slurry at a rate ranging from about 0.25 to about 0.60g/hn 

8. The method of Claim 1, wherein the hypohalite is selected from the group 
consisting of sodium hypochlorite, potassium hypobromite, calcium hypochlorite, 
potassium hypochlorite, calcium hypobromite, barium hypochlorite, barium hypobromite, 
and mixtures thereof. 

9. The method of Claim 1, wherein the concentration of the hypohalite in the 
pregnant leach slurry ranges from about 0.04 to about 0.4% by weight. 

10. The method of Claim 1 7 wherein the pH in the contacting step (c) ranges from 
about pH 2.2 to about pH 6.8. 
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11. A method for recovering precious metals from carbonaceous refractory 
materials, comprising: 

(a) forming the carbonaceous refractory materials into a feed slurry, the feed 
slurry comprising an acid; 

(b) contacting the feed slurry with a hypohalite of alkali metals or alkaline earth 
metals at a pH less than about pH 7 to dissolve the precious metal and form a pregnant 
leach slurry containing leached solids and a pregnant leach solution containing dissolved 
precious metals; 

(c) separating the leached solids from the pregnant leach solution; and 

(d) recovering the precious metals from the pregnant leach solution. 

12. The process of Claim 11, further comprising contacting the feed slurry with 
an oxidizing agent to oxidize the carbonaceous material in the feed slurry. 

13. The method of Claim 11, wherein the precious metal is selected from the 
group consisting of gold, silver, platinum, palladium, and mixtures thereof 

14. The method of Claim 11, wherein the acid is selected from the group 
consisting of sulfuric acid, hydrochloric acid, nitric acid, acetic acid, phosphoric acid, 
hydrofluoric acid, hydrobromic acid, oxalic acid, and mixtures thereof. 

15. The method of Claim 12, wherein the feed slurry in the contacting step has a 
temperature ranging from about 40 to about 65 C. 

16. The method of Claim 12, wherein the oxidizing agent is selected from the 
group consisting of ozone, molecular oxygen, chlorine gas, sulfuric acid, alkaline 
hypochlorite, and mixtures thereof 
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17. The method of Claiml2, wherein the pH in the contacting step ranges from 
about pH 1 to about pH 3. 

18. The method of Claim 12, wherein the oxidizing agent is ozone and the ozone 
is contacted with the feed sluny at a rate ranging from about 0.25 to about 0.60 g/hr. 

5 19. The method of Claim 12, wherein the hypohalite is selected from the group 

consisting of sodium hypochlorite, potassium hypobromite, calcium hypochlorite, 
potassium hypochlorite, barium hypochlorite, calcium hypobromite, barium hypobromite, 
and mixtures thereof. 

20. The method of Claim 11, wherein the concentration of the hypohalite in the 
10 pregnant leach slurry ranges from about 0.04 to about 0.4% by weight. 

21. The method of Claim 11, wherein the pH in the contacting step ranges from 
about pH 2,2 to about pH 6.8. 
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